Abstract. Higgs resonance signals and backgrounds at the First Muon Collider are discussed. Effects due to beam polarization and background angular distributions (forward-backward charge asymmetries) are examined. The utility of those features for improving precision measurements and narrow resonance "discovery" scans is described. If the standard model Higgs boson has a mass < ∼ 160 GeV (i.e. below the W + W − decay threshold), it will have a very narrow width and can be resonantly studied in the s-channel via µ − µ + → H production at the First Muon Collider (FMC). Within the framework of supersymmetry or more general two Higgs doublet scenarios, there can be several neutral spin zero bosons; h, H, and A, all of which might be resonantly produced. The lightest scalar, h, of supersymmetry is expected to be < ∼ 150 GeV (and narrow), with the range 80-130 GeV favored. Precision electroweak measurements also tend to suggest, via quantum loop sensitivity, a relatively light Higgs. Hence, there are strong motivations to examine the capabilities of the FMC for producing and studying relatively light scalar resonances [1, 2] .
of supersymmetry [3] . (Expectations for m H = 110 GeV are illustrated in Table  1 .) The Higgs resonance "discovery" capability and scan time will depend on N S / √ N B , where N S is the Higgs signal and N B is the expected background. The precision measurement sensitivity will be determined by N S / √ N B + N S . For both, it will be extremely important to enhance the signal and suppress backgrounds as much as possible. To that end, one should employ highly resolved µ + µ − beams with a very small energy spread. The proposed ∆E/E ≃ 3 × 10 −5 is well matched to the narrow Higgs width. It allows N S /N B ∼ O(1) for the primary H → bb mode (see Table 1 ). Unfortunately, high resolution is accompanied by luminosity loss. The current goal of L ave ≃ 5 × 10 30 cm −2 s −1 on resonance is probably not ambitious enough. One should strive for another order of magnitude in luminosity while maintaining the outstanding beam energy resolution.
In this paper, we examine two additional ways of enhancing the Higgs signal to background ratio: beam polarization and final state angular distributions. The Higgs signal µ − µ + → H → ff results from left-left (LL) or right-right (RR) beam polarizations and leads to an isotropic (i.e. constant) ff signal in cos θ (the angle between the µ − and f ). Standard model backgrounds µ − µ + → γ * or Z * → ff result from LR or RL initial state polarizations and give rise to (1 + cos 2 θ + 8 3
A F B cos θ) angular distributions. Similar statements apply to W W * and ZZ * final states, but those modes will not be discussed here. To illustrate the difference between signal, µ − µ + → H → ff, and background,
give the combined differential production rate with respect to x ≡ cos θ = 4p µ − · p f /s for polarized muon beams and fixed luminosity
P + (P − ) is the µ + (µ − ) polarization with P = −1 pure left-handed, P = +1 pure right handed, and P = 0 unpolarized. N S is the fully integrated (−1 < x ≤ 1) Higgs signal and N B the integrated background for the case of unpolarized beams, P + = P − = 0. In that general expression,
where, for example, LR → LR stands for µ
The effective forwardbackward asymmetry is given by
with
and the µ − i µ + j → f i ′f j ′ , cross sections (i = j) are to lowest order 
Realistic cuts, efficiencies, systematic errors etc, will not be considered. They are likely to dilute the bb and cc event rates by a factor of 0.5. In addition, we ignore the radiative Z production tail under the assumption such events are vetoed. The (unpolarized) forward-backward asymmetries are illustrated in Fig. 1 . Note that A F B is large (near maximal) for ττ and cc in the region of interest. As we shall see, that feature can help in discriminating signal from background.
In principle, large polarization can be important for enhancing "discovery" and precision measurement sensitivity for the Higgs. From Eq. (1), we find that N S / √ N B is enhanced ( for integrated signal and background) by the factor
where the A LR are shown in Fig. 2 . That result generalizes the P + = P − case [4] . For natural beam polarization [1] , P + = P − = 0.2 (assuming spin rotation of one beam), the enhancement factor is only 1.06. For larger polarization, P + = P − = 0.5, one obtains a 1.44 enhancement factor (statistically equivalent to about a factor of 2 luminosity increase). Unfortunately, obtaining 0.5 polarization simply by muon energy cuts reduces each beam intensity [1] by a factor of 1/4, resulting in a luminosity reduction by 1/16. Such a tradeoff is clearly unacceptable. Polarization will be a useful tool in Higgs resonance studies only if high polarization is achievable with little luminosity loss. Tau final state polarizations can also be used to help improve the H → ττ measurement, but will not be discussed here. Some "discovery" or sensitivity enhancement can also be obtained from angular discrimination. A proper study would include detector acceptance cuts and maximum likelihood fits. Here, we wish to only crudely approximate the gain. For that purpose, we assume perfect (infinitesimal) binning and obtain the measurement sensitivity enhancement factor 1 2
(1 + P + P − ) N S + N B dx dN/dx
